Titanium is extensively used for a wide range of implanted medical devices due to its advantageous combination of physico-chemical and biological properties. Nano-size titanium dioxide (TiO 2 ) is also used in a variety of consumer products. Such widespread use and its potential entry through various routes of the body suggest that TiO 2 could pose an exposure risk to humans. Nano-size particles (NP) enter systemic circulation, accumulate and damage tissues that are especially sensitive to oxidative stress. We hypothesized that TiO 2 NPs can exert diverse cytotoxic effects on various human cell type especially neural cell lines. In order to test our hypothesis, putative cytotoxic effects of oxidative stress due to TiO 2 NPs exposure on IM9, U937 and SHSY5Y (human neuroblastoma cells) were investigated in N-acetyl cysteine (NAC), neopterin and dexamethasone pre-treated cell cultures. IM9, U937 and SHSY5Y cells were exposed to ten different concentrations of 25 and 10 nm diameter TiO 2 NPs in three different time periods before and after treatment with NAC, neopterin and dexamethasone. To determine toxicity levels of NPs, cell viability was estimated by MTT test. Concentration of cells was assessed by counting trypan blue stained cells with a heamo-cytometer. Toxicity of 25nm TiO 2 particles was significantly increased (p<0.05) by adding fetal bovine serum (FBS) in SHYS5Y and U937 cell lines culture medium. Concentrationdependent toxicity of 10 nm TiO 2 NP was weakly increased by adding FBS to SHYS5Y, IM9 and U937 cell culture media. NAC pre-treatment provided significant protection for only SHYS5Y cell exposed to 25 nm and 10 nm of TiO 2 NPs after a 24-hour incubation period. Neopterin pre-treated SHYS5Y cells displayed significant increases in viability after 24-hour exposure to 10 nm and 25 nm TiO 2 NPs. While exposure of dexamethasone pre-treated U937 cells to 25 nm of TiO 2 NPs induced a significant increase in cell survival at only 100 µg/ml particle concentration, increase in viability of SHYS5Y cells were observed at all concentrations against 10 nm particle challenge. Our study demonstrated that exposure of SHYS5Y to TiO 2 NPs for 24 hours regularly induced reduction of cell viability. We also found similar dose-related effects of TiO 2 NPs in reducing cell survival in IM9 cells. This study clearly indicated that FBS is an effective dispersing agent for TiO 2 NPs and increased TiO 2 toxicity in all cell lines. NAC and neopterin significantly protected the SHYS5Y cell against the putative cytotoxic effects of TiO 2 NPs.
Introduction
Titanium and titanium dioxide (TiO 2 ) are extensively used for a wide range of implanted medical devices and variety of consumer product such as toothpastes, sunscreens, cosmetics, food products (1), paints and surface coatings and in the environmental decontamination of air, soil, and water (2) . Such widespread use and its potential entry though dermal, ingestion, and inhalation routes suggest that nano-size TiO 2 could pose an exposure risk to humans. Besides, a number of factors including particle size, chemical composition and surface charges also play role to determine the extent of nanoparticles (NPs) toxicity (3) (4) (5) . Thus TiO 2 nanoparticles are rapidly taken up by the cells and a significant increase in lactate dehydrogenase (LDH) release, apoptosis and mitochondrial membrane permeability may develop. In general, reactive oxygen species (ROS) generation mediated oxidative stress and impaired antioxidant status has been suggested as major cause of cytotoxicity and genotoxicity of nanosize particles (NPs) (6, 7) .
Several studies have reported that exposed NPs enter systemic circulation and migrate to various organs and tissues (8, 9) where they could accumulate and damage organ systems that are especially sensitive to oxidative stress. Among these, brain is one, being highly vulnerable to oxidative stress because of its energy demands, low levels of endogenous scavengers and high cellular concentration of oxidative stress targets. Actually NPs can cross the blood-brain barrier and enter the central nervous system (10) and may accumulate within the brain over long periods and trigger toxic effects (11) . Consequently these particles may be associated with neurodegenerative diseases (12, 13) such as Alzheimer's disease (14) , Parkinson's disease, Huntington's disease (15) , and primary brain tumors (16) . NPs induced ROS production could serve as messengers to trigger an endogenous program of cell death that may be promoted by multiple pathways. Terminally differentiated neurons might commit to death under conditions of oxidative stress (17) . The final fate of the cell, life or death, would depend on the level, type or duration of oxidative stress and, more importantly, on the strength of the endogenous antioxidant mechanisms.
Available data in the literature showed that TiO 2 NPs can cause several adverse effects on mammalian cells such as increase of ROS production and cytokines levels, reduction of cell viability and proliferation, induction of apoptosis and genotoxicity. However it is not known whether TiO 2 NPs exert oxidative stress on dopaminergic (DE) neurons. Therefore additional research is needed to obtain advance knowledge on toxic effects of TiO 2 NPs and to avoid any potential risk correlated to their exposure (18) .
We hypothesized that TiO 2 NP can exert diverse cytotoxic effects on various human cell types especially neuronal cell lines. In order to test our hypothesis, putative cytotoxic effects of oxidative stress due to TiO 2 NPs exposure on human neuroblastoma cells SHSY5Y were compared with IM9 (multiple myeloma cells, malignant disorder of differentiated B cells) and human histiocytic lymphoma cell line, U937 in the presence of antioxidant, N-acetyl cysteine (NAC), anti-or pro-oxidant, neopterin and oxidant-promoter agent dexamethasone.
Materials and Methods

Cell culture
The human leukemic monocyte lymphoma (U937) and human B-cell lymphoma (IM9) cell lines were obtained from Ankara University Biotechnology Institute and cultured in DMEM (Sigma-Aldrich Co.) supplemented with 10% fetal bovine serum (FBS), 0.2% sodium bicarbonate and 10 ml/L antibiotic and antimycotic solution (Penicillin-streptomycin, 100x, Invitrogen) at 37°C under a humidified atmosphere of 5% CO 2 /95% air. Stock suspensions of 10 nm and 25 nm sized TiO 2 NPs (10 mg/ml) in water and neuroblastoma cell line SHSY5Y were kindly provided by Dr. Nathalie Herlin-Boime (CEA-CNRS, Saclay, France) and Dr. Marie Carriere (CEA, Grenoble, France) as a gift to be used in the project entitled "Nanotoxicology Link Between India and European Nations" under the program New Indigo supported by FP7.
U937 and IM9 cells were cultured in DMEM (supplemented with 10% FBS), while SHSY5Y cells were incubated in Ham F12:EMEM (1:1) medium (SigmaAldrich Co.). The cells were incubated with NPs in three time points as 6, 24 and 48 hours. For 6 hours of incubation the cells were seeded in medium without FBS (incomplete medium) and the medium was supplemented with 10% FBS (complete medium) for the incubation periods of 6, 24 and 48 hours.
NP solutions were diluted with medium according to the cell line that is used. Ten concentrations ranging between 0.2 -100 µg/ml were used to perform the 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) assays. For each experiment, the particle suspension was freshly prepared, diluted to appropriate concentrations and immediately applied to the cells. Culture medium without TiO 2 NPs served as the control in each experiment.
Cells were counted by using trypan blue for each time point and for each concentration in every assay condition.
Cytotoxicity assays
Cytotoxicity of TiO 2 NPs was measured by using MTT. Cells (10 4 cells/well) were seeded in 96-well plates. Twenty four hours after seeding (one cell cycle), the cells were exposed to 10 different concentrations of TiO 2 NPs (0.2 -100 µg/ml) for three time periods, 6 (with and without FBS), 24 and 48 hours. All the assays performed in triplicates in three sets of experiments.
By the evaluation of the first experiment series, the NP doses and exposure periods were chosen for NAC, neopterin and dexamethasone assays. For further experiments, 10 4 cells were seeded in 96 well plates; each set was individually pre-incubated for 30 minutes with 15 mM NAC, 0.1 or 10 µM neopterin or 1µg/dl dexamethasone and after this period, 0.8 µg/ml, 50 µg/ml and 100 µg/ml, 25 nm and 10 nm TiO 2 NPs were added and the cells were incubated for 24 hours in FBS containing medium. In all samples MTT assay was performed as described below.
Mitochondrial activity
Mitochondrial activity was assessed using the MTT assay according to a modified method of Mosmann (19) . Briefly, cells were exposed to NPs for different time periods (6, 24 and 48 hours) and MTT dye (0.5 mg/ml) was added into each well 4 hours after the completion of incubation period. Thereafter, the reaction the resulting formazan crystals were solubilized by adding %10 SDS in 1N HCl solution. The interference of nanoparticles was obviated by centrifuging the plates, transferring the supernatant into a new plate and then measuring the absorbance at 550 nm.
Statistical Analysis
The significance of the difference between control and compound treated cell groups were analysed by Mann-Whitney U test and p <0.05 was considered statistically significant. The calculations were performed by using the statistical package SPSS, version 13.0 (SPSS Inc., Chicago, Illinois, USA).
Statistical analysis
The significance of the difference between control and compoud treated cell groups were analysed by Mann-Whitney U test and p <0.05 was considered statistically significant. The calculations were performed by using the statistical package SPSS, version 13.0 (SPSS Inc., Chicago, Illinois, USA).
Results
Diverse effect of fetal bovine serum (FBS) on viability of cell lines
Cell viability curve of SHSY5Y cells showed a sharp increase during the first 6-hours incubation period in concentration-dependent manner with the incomplete medium (without FBS) for both nm 25 (from 94.75% to 134.47%) and 10 nm (from 105.45% to 135.99%) particles compared to complete medium (with FBS) (25 nm; from 90.6% to 103.87%, 10 nm; from 98.32% to 109.52%). U937 cell lines also showed a similar pattern of cell viability curves during the 6-hours incubation period either with incomplete (25nm; from 96.47% to 131.07%, 10nm; from 91.77% to 122.31%) or complete medium (25nm; from 104.91% to 111.58%, 10nm; from 91.77% to 96.29%) at all TiO 2 concentrations and for all particle sizes with the SHSY5Y cell lines. Consequently, TiO 2 NPs was found to be more toxic in the complete medium for SHSY5Y and U937 cell lines. 25 nm TiO 2 induced 27.46% increase in the viability of IM9 cell lines with complete medium and this figure dropped gradually to 21.91% at 100 µg/ml concentration of TiO 2 . Cell viability during the 6-hours incubation period of 25nm TiO 2 particles with IM9 cells in FBS-free medium increased gradually in a concentration-dependent manner from 111.96% (at 0.39 µg/ml TiO 2 concentration) reached to a maximum of 125.44% (at 100 µg/ml concentration). However, 10nm diameter TiO 2 particles showed similar toxicity pattern on IM9 cells with the other cell lines either in FBS-free (from 102.82% to 98.56% at 50 µg/ml and 108.43% at 100 µg/ml) or FBS-containing (from 98.19% to 94.1% at 50 µg/ml and 107.41% at 100 µg/ml) mediums. Addition of FBS in culture media significantly increased toxicity of 25nm and 10nm TiO 2 particles on SHYS5Y, as well as U937 cell lines but in contrast to IM9 (Figure 1a -1c, 2a-2c, Table 1 ).
NP-induced oxidative stress and pro-inflammatory responses are well correlated not only with the physical properties of the individual NPs but also with the internalized amount of NPs (20) . The MTT assay is based on the conversion of MTT into formazan crystals by living cells, which determines mitochondrial activity. For most cell populations the total mitochondrial activity is related to the number of viable cells Table 1 .: The concentration-dependent effects of 25 nm or 10 nm TiO 2 nanoparticles on viability of SHSY5Y, U937 and IM9 cells which were cultured in FBS-containing or FBS-free medium. Values indicated the differences of viability between 0.2 µg/ml and 100 µg/ml ten different concentrations of TiO 2 at the end of 6-hour incubation period. *p <0.05; comparison of % alteration in cell viability between medium without FBS and with FBS.
Cell line
Nanoparticle size (nm) more toxic. Although NAC pre-treated U937 cell lines showed a slight decrease in the viability at any concentration and at any particle size during the 24-hour incubation period, 10.23% increase was observed with only 50 µg/ml concentration of 25 nm TiO 2 . Whereas NAC showed significant (p <0.05, Table 3 ) protection in viability of SHSY5Y cell exposed to 25 nm TiO 2 -NPs (at 0.8, 50 and 100 µg/ml concentrations) with a striking increase in viability percentiles for 0.8 µg/ml; 136.35%, for 50 µg/ml; 135.74%, for 100 µg/ml; 133.36% were measured after long-term, 24-hour incubation period. NAC pre-treatment significantly protected the SHSY5Y cells against TiO 2 NPs toxicity, at any size and at any concentration of TiO 2 ( Table 3) .
Effect of neopterin on cell viability
IM9 and U937 cells pre-incubated with neopterin (0.1 µM, 10 µM) receiving long term (24 hours) exposure of 25 nm TiO 2 -NPs (at 0.8, 50 and 100 µg/ml concentrations) showed more or less similar magnitude and trends of viability curves as observed in exposure to 10 nm TiO 2 -NPs at 0.8, 50 and 100 µg/ml concentrations. Whereas SHSY5Y cell pre-treated with 0.1 or 10 µM neopterin, displayed significant (p <0.05) increases in viability with 10 and 25 nm TiO 2 NPs at 0.8 and 50 µg/ml concentrations (Table 4) . In contrast to 10 µM, 0.1 µM neopterin could not protect SHSY5Y cells against the toxic effects of 25nm TiO 2 nanoparticles, at 100 µg/ml concentration. 10 µM neopterin increased the viability of IM9 cells following 25nm TiO 2 NPs exposure at 100 µg/ml and 10 nm nanoparticles exposure at 0.8 µg/ml concentration. On the other hand 0.1 µM neopterin increased the viability of IM9 cells following 25nm and 10 nm TiO 2 NPs exposure at 100 cell lines with neopterin suggested that increase in particle size and most probably mismatch between FBS and particle concentrations might be argued considering irregular course of particles and cell lines interaction. In vitro-studies revealed that neopterin exhibits distinct biochemical effects, via interactions with reactive oxygen or nitrogen intermediates, thereby affecting the cellular redox state (22) . However of all oxidation states have been shown to act anti-or pro-oxidatively, depending on the special conditions of the experiment (23) .
Effect of dexamethasone on cell viability U937 cells pre-incubated with dexamethasone, 1 µg/ml, at supraphysiological dose (24); received long term (24 hours) exposure of either 25 nm or 10 nm TiO 2 -NPs (at 0.8, 50 and 100 µg/dl concentrations) showed more or less similar magnitude and trends of viability curves with both particle sizes. While 25nm TiO 2 NPs increased the viability of dexamethasone pretreated U937 cells at a rate of 16.1%, 10nm TiO 2 NPs enhanced the cell viability by 7.42% at 100 µg/ml TiO 2 NPs concentration. Maximum response of dexamethasone pre-treated IM9 cells was 4.2% increase in cell viability to 25 nm TiO 2 NPs challenge at 50 µg/ml concentrations. Similarly it was 3.79% for 10 nm TiO 2 NPs. We could not estimate constant increase in cell viability of SHSY5Y cell line with dexamethasone pre-treatment at all concentrations for 25nm particles (Table 5 ). However, dexamethasone provided a considerable protection at all particle concentrations for 10 nm nanoparticles. 
Discussion
Although the factors responsible for the generation of oxidative stress in DE neurons and the mechanisms of DE neuron cell death have not yet been elucidated in neurodegenerative diseases, postmortem examination of brain revealed that loss of DE neurons in the nigro-striatal region is due to increased oxidative stress (25, 26) . In this case, stable and reliable DE neuronal cell model is particularly necessary for studying the pathogenesis of neurodegenerative diseases. Presently, an ideal in vitro neuronal cell model established in post-mitotic human DE neuronal cells is human neuroblastoma (SHSY5Y) cell lines (27) . The SHSY5Y cell line provides an unlimited supply of cells of human origin with the similar biochemical characteristics to human DE neurons. Consequently, the SHSY5Y cell line has been widely used in experimental neurological studies, including analysis of neuronal differentiation, metabolism, and function related to neurodegenerative processes and neurotoxicity of DE neurons in the brain (28) .
Oxidative stress-induced neuronal death may be promoted via several pathways (17) . In this context, NPs-induced oxidative stress and pro-inflammatory responses are well correlated not only with the surface area of the individual NPs but also with the internalized amount of NPs. Actually differences of primary particle size leads to significant changes in inflammatory and oxidative stress responses (20) . In fact size and surface area of particles are integral part of their toxicity. TiO 2 particle toxicity has been repeatedly investigated and observed showed that particle toxicity increases as particle size decreases (29) . However it is relevant that a high degree of particle aggregation and agglomeration is associated with TiO 2 administration, and so exposure to particles is unlikely to occur in a 'nano' form. Grassian et al. showed that specifically, 21 nm particle based agglomerates were less dense than their 5 nm counterparts whose agglomerates contained particles that are more tightly packed. Therefore, it was found that 21 nm TiO 2 was more toxic than 5 nm particles. Consequently, although 21 nm particles were larger, it is anticipated that they would form agglomerates that would more easily deagglomerate due to the weaker interactions that hold the particles together (30) . Furthermore compared with fine particles, ultrafine particles exhibited greater free radical activity, greater inhibition of the reduction of MTT and a depletion of reduced glutathione (31) . In our study we used two different sizes of ultrafine particles. Significant decrease in cell viabilities were observed in SHSY5Y and U937 cells lines with FBS plus 25 nm or 10 nm particles. However, SHSY5Y cells showed a greater reduction in cell viability when exposed to 10 nm particles than that of U937 and IM9 cells lines. The addition of FBS in medium most probably prevented high agglomeration, leading to a stable dispersion of TiO 2 NPs and facilitated the internalization of the particles and increased TiO 2 toxicity. Changes of surface properties by coating of nano-particles to prevent aggregation or agglomeration with different types and concentrations of serum proteins have been shown to change their body distribution and the effects on the biological systems significantly (32) . While a significant decrease in metabolic activity was observed with 25 nm particles at 0.8 µg/ml concentration only, 10 nm particles caused metabolic alterations in both 0.8 and 50 µg/ml concentrations in all cell lines. This means that 10 per cent FBS seems insufficient to provide complete agglomeration of 25 nm particles at above the 0.8 µg/ml particle concentrations (Table 2 ). These result clearly indicated that FBS increased TiO 2 toxicity for all cell lines. FBS may be an effective dispersing agent for TiO 2 NPs and strengthens particle effects. Thus the addition of enough FBS likely prevents high agglomeration leading to a stable dispersion of TiO 2 nanoparticles due to steric stabilization and most probably facilitates the internalization of the particles and increased metal toxicity (33, 34) .
In general, ROS mediated oxidative stress and impaired antioxidant status has been suggested as major cause of cytotoxicity and genotoxicity of NPs. TiO 2 NPs were able to generate elevated amounts of free radicals, which induced indirect genotoxicity mainly by DNA-adduct formation, (6) . In the present study, TiO 2 toxicity was significantly reversed by NAC pre-treatment in SHSY5Y cells. However despite NAC pre-treatment, cell viability of U937 and IM9 cells decreased remarkably. Oda et al. examined the effect of NAC at concentrations of 5 to 20 mM on the cell death induced by the cytotoxic protein ricin in U937 cells. Interestingly, NAC significantly prevented ricin-induced toxicity at 20mM, even though the cellular reduced glutathione (GSH) level was decreased to less than 5%. These results suggested that protective effect of NAC at only appropriate concentrations is mediated through affecting the cellular thiol/disulfide status via acting as a thiol supplier in U937 cells (35) . Pre-treatment with 15 mM NAC is thought to be an insufficient concentration to supply thiols in U937 cells. Indeed, it has been shown that treatment of U937 cells with NAC increases intracellular anti-oxidant capacity but have little effect on the absolute or relative toxicity's of the metals (36) . Likewise our study confirmed that the human myeloid cell line, U937 has still increased sensitivity to TiO 2 in spite of the NAC pre-treatment. Ultra-fine TiO 2 particles causing inflammation can increase the manganese superoxide dismutase (MnSOD) mRNA levels (37) . Intra-mitochondrial MnSOD activity and mitochondria-derived ROS levels regulate cellular proliferation and hydrogen peroxide (H 2 O 2 )-signaling (38) . NAC reacts with hydroxyl radical and H 2 O 2 , but no reaction of NAC with superoxide could be detected (39) . Consequently NAC exposure increases the steady-state levels of superoxide by two-fold. Cells respond to this increase in the superoxide levels by increasing MnSOD activity. Increase in MnSOD activity corresponds to an increase in H 2 O 2 levels. Because higher levels of H 2 O 2 are growth inhibitory, it could play a role in regulating NAC-induced G1 arrest. The G1 checkpoint is where eukaryotes typically arrest the cell cycle if environmental conditions make cell division impossible or if the cell passes into G0 for an extended period (40) . However, increased thiol pools did not seem to regulate G1 arrest (41) . NAC-induced increase in cellular superoxide levels is also associated with a decrease in cyclin D1 protein levels. In addition to reduction in cyclin D1 levels as an early response to NAC-exposures, a late response to NAC exposure is the increase in MnSOD protein levels and activity. This late response of MnSOD could be due to cellular responses to NAC-induced increase in superoxide levels resulting in G1 arrest. NAC exposures selectively increase MnSOD activities without altering CuZnSOD activity (40) .
NAC-mediated restorations are associated with NAC dose-dependent increase of intracellular GSH level and a NAC dose-dependent decrease of intracellular ROS (42) . Actually the glutathione system is very important for cellular defense against ROS and other forms of stress (43) . The ratio of GSH to oxidized glutathione (GSSG) is critical for cellular redox balance, since it maintains the redox environment of the cell and it serves as an indicator of the cellular redox state. The majority of the GSH in cells is found in the cytoplasm, but mitochondria and nuclei have separate, independent pools of GSH (44) . The decrease of mitochondrial GSH level (without changing the cytoplasmic pool of GSH) sensitizes several types of cells to oxidative stress (45) . Significant increase in cell viability of SHSY5Y cells might be due to GSH sparing effect of NAC against TiO 2 -induced oxidative stress.
ROS also have a mediation effect to oxidative stress and up-regulation of c-Jun NH 2 -terminal kinase and p53 phosphorylation involved in mechanistic pathways of TiO 2 NPs and they can induce apoptosis and cell cycle arrest (46) . NAC can inhibit activation of cJun N-terminal kinase, p38 MAP kinase and redoxsensitive activating protein-1 and nuclear factor kappa B transcription factor activities, thus regulating expression of numerous genes. On the other hand NAC also prevent apoptosis and promote cell survival by activating extracellular signal-regulated kinase pathway (47) .
Glucocorticoid-dependent increase of oxidative stress in epithelial cell lines is antagonized by antioxidative enzymes such as catalase and/or preferentially by the glutathione system (48) . Dexamethasone can increase cellular sensitivity to oxidative stress and alter the phenotype of neural stem cells (49) . The cellular sensitivity to glucocorticoids is directly proportional to the concentration of receptor protein. In most cells, glucocorticoids promote a reduction in glucocorticoid receptors levels by a process termed homologous down regulation. Thus, glucocorticoid receptors of U937 cells are homologously down-regulated and may play a role in attenuating hormone responsiveness (50, 51) . However in our study U937 and IM9 cells showed an irregular response to TiO 2 NPs after dexamethasone treatment in contrast to SHSY5Y cells. Viability of dexamethasone pre-treated SHSY5Y cells significantly increased in concentration dependent manner for 10 nm TiO 2 particles added medium during the 24-hour incubation period. Most probably dexamethasone pretreatment increased SHSY5Y cell-viability due to the internalization-defect at high concentration of 25nm particles.
In vitro-studies revealed that neopterin derivatives exhibit distinct biochemical effects, most likely via interactions with reactive oxygen or nitrogen intermediates, thereby affecting the cellular redox state (22) . The amounts of neopterin produced by activated monocytes/macrophages correlate with their capacity to release ROS. With this background, neopterin concentrations in body fluids can be regarded as an indirect estimate of the degree of oxidative stress emerging during cell-mediated immune response (52) . Pteridines of all oxidation states have been shown to act anti-or pro-oxidatively, depending on the special conditions of the experiment. The reason is that reduced pteridines, besides of being scavengers of free radicals, also are strong reducing agents (23) . Increased formation of neopterin in patients with DE neuron diseases are attributed to activated cell-mediated immune response. In our study TiO 2 exposed SHSY5Y cells displayed 36% and 7.26% increase in cell viability with 25 nm and 10 nm particles exposure, respectively after 10 µM neopterin treatment during 24-hour incubation period. TiO 2 particles could be easily translocated into the cerebral cortex and striatum. Subsequently, exposure to TiO 2 NPs causes obvious morphological changes of neurons in the cerebral cortex (53) . Since neopterin is elevated in the cerebrospinal fluid of patients with inflammatory neurological disorders, the source of neopterin was investigated in the brain and a possible contribution of biological active pteridines to the development of brain lesions. Consequently infiltrating monocytes/macrophages into the brain might be responsible for neopterin level in cerebrospinal fluid. In contrast to our results, Speth et al. did not observe an increase in the viability of brain cells exposed to neopterin (54) .
Conclusion
Widely used nanomaterial, TiO 2 has in-vitro neurotoxicity on cultured DE neuronal cells, SHSY5Y due to oxidative stress. Our results provide the evidence that oxidative effect induced by ultrafine TiO 2 particles exposure can be completely suppressed by pre-incubation of SHSY5Y cells with the well-known antioxidant, NAC and partially suppressed with neopterin. One of the promising targets for preventing neurons from toxic side effects of accumulated TiO 2 NPs may be neutralizing cellular oxidative stress with antioxidant agent.
